objective To assess the impact of an intervention consisting of a computer-assisted clinical decision support system and performance-based incentives, aiming at improving quality of antenatal and childbirth care.
Introduction
Maternal and neonatal mortality are still too high in subSaharan Africa. In 2013, 49% (143 380) of all maternal and 39% (1.1 million) of all neonatal deaths occurred in this region [1, 2] , where only 12% of the total female world population [3] and 22% of the global under-5 population [4] live.
This unsatisfying situation was addressed by a number of interventions and strategies -for instance, access to skilled antenatal and childbirth care, active management of third-stage labour and counselling on danger signs [5] [6] [7] [8] [9] . However, access to these interventions alone does not guarantee improved health outcomes. This will only be the case if the quality of care is sufficiently high to provide adequate management and treatment and to encourage use of the care on offer [10] [11] [12] [13] . The 'Quality of Maternal and Prenatal Care' (QUALMAT) project focused on this quality issue. QUALMAT aimed to improve the quality of antenatal and childbirth care at primary healthcare (PHC) facilities through addressing the know-do gap at provider level, by implementing two kinds of interventions: performance-based incentives (PBI) to increase health workers' motivation, and a computer-assisted clinical decision support system (eCDSS) to help providers comply with recognised standards of care [14] . QUALMAT was implemented in rural PHC facilities in three sub-Saharan African countries: Burkina Faso, Ghana and Tanzania. In 2013, maternal and neonatal mortality were still very high in these three countries. None of these countries show enough progress in reducing maternal and under-5 mortality to achieve the Millennium Development Goals' 4 and 5 targets on reducing the under-5 mortality rate by two-thirds and maternal mortality ratio by three quarters between 1990 and 2015 [1, 2, [15] [16] [17] .
'Quality care' has no universally accepted definition, but it is recognised that it includes multiple levels, from patient to health system, and multiple dimensions, among others; safety, effectiveness, efficiency, equitability [13, 18, 19] . All quality assessment frameworks emphasise that quality comprises the quality of 'provision of care' and the quality of 'users' experience of care' and that to assess quality it is needed to assess structure, process, and outcome of care [18] [19] [20] [21] [22] [23] [24] .
The objective of the research presented in this paper was to document changes in the quality of antenatal and childbirth care between intervention and non-intervention health facilities and before and after intervention implementation. We focused on quality of routine antenatal and childbirth care and on quality of detection, prevention, and management of haemorrhage, hypertensive disorders (pre-eclampsia/eclampsia), and obstructed labour [1, 18, 19] .
Methods

Study setting and design
A detailed description of study setting and design was published earlier [18, 19] . In brief, we conducted an intervention study in rural PHC facilities in Burkina Faso, Ghana and Tanzania. In each country, one intervention and one non-intervention district, and in each district, six PHC facilities that provide antenatal and childbirth services, were selected to participate in the study. We assessed pre-and post-intervention quality of care in all selected facilities. The baseline assessment was conducted in 2010, before intervention implementation. Findings of this assessment were presented earlier [18, 19] . The same assessment was repeated at the end of the QUALMAT project (late 2013 to early 2014: referred to as '2014 assessment' in this paper).
As standard for good quality of care, we used the World Health Organization guidelines on antenatal and childbirth care [25, 26] . Quality of care was measured by: (i) health facility surveys, (ii) direct observation studies, (iii) patient satisfaction surveys (exit interviews), and (iv) reviews of patient records and maternal and child health registers at health facilities and districts [11, 18, 19, 22, [27] [28] [29] . Structured checklists or questionnaires and a scale of quality measurement were developed for each of these measurement tools. For the health facility survey and the observation study, quality scores are between '1' if all commodities were available and working, or if all activities were observed and completed according to accepted standards, and '0' if this was not the case. For the satisfaction survey, scores are between '+2' meaning 'very satisfied' and 'À2' meaning 'very unsatisfied' [18, 19] .
We used a list with quality scores of individual variables generated from the different study tools to assess quality of detection, prevention, and, if applicable, management of haemorrhage, hypertensive disorders and obstructed labour [18, 19] .
Interventions to improve quality of care
Performance-based incentives schemes development and monitoring issues at the QUALMAT research sites were described earlier by Y e et al. [30] . As described in this paper, depending on the local context and possibilities and in coordination with local health workers, managers and policy makers, each research site developed and implemented its own PBIs package and strategy and its own set of indicators to monitor performance [30] . PBIs were introduced at the Burkina Faso research facilities in January 2011, in Ghana in October 2012 and in Tanzania in August 2012. Thus the intervention was implemented at the respective study sites for 36, 15 and 17 months before the post-intervention assessment was conducted. In Burkina Faso, financial and non-financial incentives were used. In Ghana and Tanzania, the PBI package consisted of only non-financial incentives. The non-financial PBIs contained a mix of individual and health facility team awards. In Burkina Faso, financial incentives were provided only at facility level. At each study site, the PBIs implementation was supervised by a member of the local QUALMAT research partner. In Burkina Faso incentives were provided six monthly and in Ghana three award ceremonies took place during the project implementation period (personal communication).
Details on the aim, development, implementation and costs of the eCDSS are described elsewhere [14, [31] [32] [33] [34] [35] . In brief, after a piloting period (including initiation of the eCDSS implementation, testing, translation), the official use of the eCDSS started at the research PHC facilities in November 2012 and was implemented for about 14 months before conducting the post-intervention quality assessment [14, 34] . At each site a member of the local research partner provided day-to-day maintenance and technical eCDSS support and conducted monthly monitoring of the eCDSS use. For the entire implementation period, in Ghana and Tanzania more than 60% of all the antenatal consultation and more than two-thirds of the childbirths were supported by using the eCDSS [34] . For Burkina Faso these numbers were lower, with 32% of all antenatal care consultations and 23% of all childbirths entered in eCDSS (project monitoring report).
Sample size
For the observation study and review of patient records, a sample size of 200 women/records in the pre-, post-, intervention, and non-intervention arm in each country was required to detect a quality score improvement of 25% (from 0.4 up to 0.5), assuming a relatively large standard deviation of the quality score of 0.4 for each study arm, a power of 80%, and a significance level of 5%. For the patient satisfaction survey, a sample of 376 women in the pre-, post-, intervention, and non-intervention arm in each country was sufficient to achieve 80% power to detect a difference of 10% in satisfaction, with a significance level of 5%. 60% satisfaction was assumed among the women before the intervention [36, 37] . The health facility survey was completed in all 36 study facilities.
Data collection and analysis
Pre-intervention data collection was performed between June and November 2010 and post-intervention data collection between October 2013 and April 2014. Data were collected by certified health workers without links to the assessed facilities and who had undergone a 5-day training. More details on this data collection have been published earlier [18, 19] .
Data were double-entered in Epi Info v.3.5.1 (Centers for Disease Control and Prevention, Atlanta, Georgia, USA) and analysed in Stata/IC 11.2 (StataCorp LP, College Station, Texas, USA).
Findings of the pre-and post-intervention quality assessments were analysed and assessed for statistically significant (P < 0.05) quality of care differences by the Wilcoxon-Mann-Whitney test for unpaired observations, when comparing intervention with non-intervention facilities and the Wilcoxon signed-rank test for paired observations, when comparing pre-and post-intervention results at the same facilities.
Ethics
Participation was voluntary and all women and healthcare providers gave written informed consent before enrolment in the study. There were no patient or healthcare worker identifiers on the study tools. 
Results
Combined data from the three country research sites are given (Tables 1-5). Results for each of the three country sites separately are available in the Supporting Information. Findings of the combined country analysis and the analysis per country are comparable.
General characteristics of PHC facilities and women included in the quality of care study Catchment area population, number of healthcare professionals per PHC facility, and number of antenatal consultation and childbirths performed per facility remained comparable throughout the study ( Table 1 ). The characteristics of the women included in the different study tools are also quite similar between the intervention and non-intervention districts and at the baseline and postintervention assessment (Table 2) . Regarding the catchment area population, we notice that at intervention and non-intervention sites, as well as during the pre-and post-intervention assessment, there is a big range in the population served per PHC facility (Table 1) .
Post-intervention quality of care
Interventions were implemented as planned. At each of the three study sites, post-intervention results were available from six intervention and six non-intervention PHC facilities. Six aspects of care were assessed: routine antenatal care; routine childbirth care; basic emergency obstetric care (BEmOC) [38] and detection, prevention, and management of haemorrhage, hypertensive disorders and obstructed labour.
Post-intervention quality scores do not show a clear difference to pre-intervention quality scores and scores at the non-intervention facilities. Post-intervention scores are mostly slightly higher but at times lower than preintervention scores and scores at the non-intervention facilities. Only few variables have a significantly better post-intervention quality score (P < 0.05). When this is the case, it is mostly observed in only one study-arm, being pre-/post-intervention or intervention/non-intervention. Some variables scored significantly better at the non-intervention research facilities. We found a significantly better post-intervention score at both intervention and non-intervention study facilities for few variables.
For each assessed aspect of care, key findings are explained below. Details, including number of observations, interviews, patient record reviews and P-values, are shown in Tables 3-5 (intervention quality of care results and significant P-values are given in bold, sample numbers are given in Tables 3 and 4) .
Routine antenatal post-intervention quality of care results show a significantly better overall health facility survey quality score. However, the same is observed at the non-intervention facilities. Post-intervention availability of infrastructure and essential drugs and vaccines was significantly better than pre-intervention, but not compared with non-intervention findings. In the antenatal observation study, laboratory examination improved significantly. However, the post-intervention score was still only 0.62, meaning that fewer than two-thirds of the pregnant women received the necessary laboratory tests. The overall quality score for the review of patient antenatal records improved significantly in both study arms. The few other statistically different routine antenatal quality scores show this difference only in one study arm (Table 3) .
Routine childbirth and BEmOC post-intervention quality of care results show few statistically significant differences in the health facility survey and observation study (Table 4) . Post-intervention availability of essential equipment and the total health facility survey quality score improved significantly compared with pre-intervention results. However, the same effect was noticed at nonintervention health facilities. Post-intervention history taking, monitoring of mother, total technical performance and inter-personal performance scores were significantly better than before the intervention. Despite the improved scores, post-intervention history taking (score of 0.67), monitoring of mothers (score of 0.65), and total technical performance (score of 0.70) remained unsatisfactory. Preintervention inter-personal performance was already quite satisfactory (score of 0.77). Comparing intervention to non-intervention quality scores, only care and examination of the newborn scored significantly better (Table 4) .
Prevention and detection of haemorrhage continued showing the same strengths and gaps as found in preintervention and at the non-intervention facilities. Postintervention monitoring of uterine retraction improved significantly compared with the pre-intervention result but remained poor (score of 0.60). Post-intervention history taking on vaginal bleeding during the antenatal care consultation was statistically significantly better compared with non-intervention findings but not compared with pre-interventions findings, and despite this significant increase, the score remained unsatisfactorily low (score of 0.32). According to the review of patient records, statistically more women received oxytocin postintervention than in non-intervention findings, but this was also seen at the non-intervention facilities. Improved administration of oxytocin at intervention as well as non-intervention facilities is also noticed in the observation study, although this improvement was not significant (Table 5) .
Prevention, detection and management of hypertensive disorders post-intervention findings were very much in line with the quality of care findings at the baseline study and at the non-intervention facilities. Only few post-intervention quality scores, all but one related to proteinuria testing, are significantly different to pre-intervention and non-intervention scores. However, post-intervention proteinuria testing scores remained poor despite the statistically significant increase. Post-intervention monitoring of blood pressure significantly improved compared with the 
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ANC, antenatal care. [18, 19] . 
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Non-intervention pre-intervention score, but again remained rather poor (Table 5) . Obstructed labour prevention, detection and management post-intervention results show a significantly improved use of partograph at intervention and nonintervention health facilities. Despite this increase, a partograph was still not correctly completed for more than a quarter of the childbirths (Table 5) .
Post-intervention referral management findings are poor, similar to pre-and non-intervention findings [19] . In the post-intervention facilities, referral transport was available for free in five of the six facilities in Burkina Faso, in three of six facilities in Ghana and in all facilities in Tanzania. Post-intervention, we recorded at the study sites in Burkina Faso, Ghana and Tanzania respectively 2%, 1% and 24% referrals during antenatal consultations and 0%, 1% and 2% during childbirth.
Discussion
This study used a comprehensive set of tools to assess quality of antenatal and childbirth care before and after implementation of an eCDSS and PBIs. The study shows important gaps in the post-intervention quality of care, similar to gaps identified in the baseline quality assessment and at the non-intervention sites. History taking, counselling, health education, laboratory investigations, and examination and monitoring of mother and newborn during childbirth are all poorly performed and partographs are poorly used [18, 19] . None of the surveyed post-intervention health facilities performed assisted vaginal delivery [18, 19] . Also similar to pre-and nonintervention findings, post-intervention management of obstetric complications was substandard at all study sites. These quality of care gaps were discussed in the baseline assessment papers [18, 19] .
Topic groups and variables with low pre-and nonintervention quality scores are generally still scoring weakly after the intervention, and those groups and variables that do well were already doing well before the intervention. Very few statistically significant changes in quality scores were identified. If this was the case, the score at the non-intervention facilities was also significantly better in several instances, indicating that most probably the improvement in quality of care was due to factors outside our study. No trend or direction in the post-intervention quality scores could be identified. Post-intervention scores were generally slightly higher (not statistically significant), although this was not always the case; see for example, management and treatment during the antenatal consultation, counselling on vaginal bleeding, and manual removal of the 
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Non-intervention Intervention quality of care scores are given in bold; P-values are given in italic; significant P-values are given in bolditalic. BEmOC, basic emergency obstetric care. †In only one of the assessed health facilities in Burkina Faso magnesium sulphate was available, however all had diazepam in stock. [18, 19] . Intervention quality of care scores are given in bold; P-values are given in italic; significant P-values are given in bolditalic.
ANC, antenatal care; BEmOC, basic emergency obstetric care. [18, 19] .
placenta and removal of retained products during childbirth. These findings indicate that the QUALMAT interventions did not have a clear impact on the quality of antenatal and childbirth care provided in the PHC facilities. This is not fully in line with the findings from three systematic reviews mentioning a positive impact of CDSS use (computer and non-computer-assisted) on providers' performance and clinical practice [39] [40] [41] . However, lack of clear benefits of CDSS use on patient outcomes is mentioned by two of the three reviews [39, 40] .
Most of the studies included in these systematic reviews were studies from high-income countries. The review of Garg et al., which includes only studies using computerised CDSSs, mentions that improved performance was associated with CDSSs where providers were automatically prompted to use the system, compared with situations where users were required to activate the system. The latter was the case in the QUALMAT project. The reviews also stated that success of CDSS use on providers' performance depended on the services for which it was used. For example, the synthesis by Jaspers et al. found most positive impact on providers' performance in studies on drugs ordering and preventive care reminders. None of the reviews included a study using CDSS for improving quality of antenatal and childbirth care [39] [40] [41] . We identified two other sub-Saharan African study using a computerised CDSS to improve antenatal care quality [42, 43] . The Horner et al. study mentions an overall, but not statistically significant, improvement in compliance with antenatal care guidelines. However, this study was quite small (one health facility and 125 antenatal patients) and study results might be biased as data from only one of the initially three selected facilities were used to assess results [42] . A recently published study assessing the effect of implementing a mobile phone clinical decision support application on quality of antenatal care offered by community health workers in Nigeria, reports successful findings. In this study we notice similar findings as in our study. Variables with good baseline quality scores are still scoring well post-intervention, and the other way around. Many post-intervention quality scores remain low, meaning poor quality of care [43] . A systematic review on the use of eCDSS in HIV care in low-income countries could, similarly to our study findings, not demonstrate the effectiveness of CDSS on quality of care. The reviewers mentioned that this was mainly due to lack of comparable and high-quality evaluation studies [44] .
Various literature reviews on the impact of PBI (financial and non-financial) on quality of care in general [45, 46] and, more specifically, on quality of maternal and newborn care [47, 48] state that incentives schemes might have an impact on changing healthcare professionals' practice and improving quality of care and services. However, the current evidence is too weak and too limited to draw general conclusions. Similar to most studies included in these reviews, our study does not show a clear improvement in providers' practices or in quality of care.
In our study, the combined implementation of an eCDSS and PBI did not improve quality of antenatal and childbirth care. The failure to improve quality of care might be a reflection of suboptimal implementation of our study interventions. The eCDSS implementation period of about 14 months before the final evaluation was quite short. A longer implementation might be needed to favourably influence quality of care. Furthermore, only one computer per health facility was available, making rigorous eCDSS use difficult if services were concurrently offered to more than one woman. Providers at the study site in Burkina Faso expressed resistance against using eCDSS, stating that this tool would increase their workload and that the tool is quite complicated [35] . Weak ownership among the local stakeholders might be an explanation of weak intervention implementation. Involvement of all stakeholders from the start of the research is essential.
Despite their reservations about the use of eCDSS, health facility workers continued using the system until the end of the study and only one of the 18 computers had to be replaced during the study due to technical failure. This indicates the willingness of the health workers to use computers at their workplace, which is confirmed by studies addressing this issue more specifically [33] [34] [35] . Additionally, eCDSS use did not increase the time needed to provide antenatal care [32] . This shows that there is a place to use computers in rural PHC facilities in low-income countries, which creates potential for improvement of quality of care through, for example, improved access to guidelines, better recording and reporting.
Although eCDSS and PBI implementation might influence the quality of care, we acknowledge that improving quality of care requires a more comprehensive and context-specific approach that considers all health system elements and involves health providers and policy makers throughout the process [49] [50] [51] . Based on the local situation and defined specific problems, context-specific interventions should be designed and implemented to improve and maintain good quality of care. This approach requires political commitment and clear structures to assign responsibility for quality improvement activities, priority setting, selection, design and implementation of interventions, and evaluation [49] [50] [51] .
Each study has its limitations. First, we explored quality of antenatal and childbirth care in each country in 12 rural PHC facilities. Quality of care in these health facilities might differ from the care provided in other rural and/or urban areas. Second, referral facilities were not included in the QUALMAT study. This hampers getting an overview of the overall quality of antenatal and childbirth care provided in the studied districts. Third, for some of the study tools at some of the research sites, the predetermined sample size needed to prove the proposed quality differences was not reached. However, no clear trend in quality change was detected, suggesting a meaningful change did not materialise.
Conclusion
The introduction of an eCDSS and PBI schemes did not improve the quality of antenatal and childbirth care provided at the study PHC facilities and critical gaps in care identified at the baseline remained. However, action to improve quality of antenatal and childbirth care is urgent. This needs a supportive environment to motivate health workers to do what they know and to enable them to know what to do. Locally identified quality and know-do gaps must be addressed. Our study showed that new technology can be successfully introduced in rural PHC facilities in resource-constrained settings. While this is promising, additional research assessing whether and how this technology can convey its benefits and successfully address identified quality and knowledge gaps is needed. 48 
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